In this article, we derive a boundary element formulation for the pricing of barrier option. The price of a barrier option is modeled as the solution of Black-Scholes' equation. Then the problem is transformed to a boundary value problem of heat equation with a moving boundary. The boundary integral representation and integral equation are derived. A boundary element method is designed to solve the integral equation. Special quadrature rules for the singular integral are used. A numerical example is also demonstrated. This boundary element formulation is correct.
Introduction
Boundary element methods are efficient for solving linear partial differential equation. In this paper we discuss a boundary element formulation for the pricing of barrier options. An option which is activated or deactivated once the price of the underlying asset reaches a set level is called a barrier option. The predetermined level is called the barrier. There are two types of barrier options, "in" and "out" options. A barrier option is said to be of knock-out type, if the option is de-activated when the stock price hit the barrier.A payment (the rebate) may be made when a knock-out barrier option is de-activated. The rebate amount may depend on the time of hitting. A barrier option is said to be of knock-in type if the option is activated upon hitting. Barrier options are path-dependent exotics. Although our method can be applied on both types, we formulate the method for knock-out call. A knock-out call with constant barrier and zero rebate is easy to price. In this study, we deal with options with time-varied barrier and non-zero rebate.
Since the publication of Black and Scholes' [1] , and Merton's [2] papers in 1973, the Black-Scholes model has become the preferred framework for option pricing. In the Black-Scholes model, the option price is considered as a function of stock price and time. The option price can be obtained by solving the BlackScholes equation. In 1979, Cox, Ross and Rubinstein [3]   , c s t published a paper detailing how the option price can be obtained by evaluating the expected value. Since then, most researchers use probability methods to price options. Some researchers report pricing barrier options by using probability methods as outlined in the literature. For example, Kunitomo and Ikeda [4] used a serial solution for the probability of the asset price reaching in an interval at the maturity without hitting curved boundaries. As a result, the expected value of the option could be obtained. Geman and Yor [5] followed Kunitomo and Ikeda's method but used Laplace transform to simplify the formulation, while Plesser [6] also followed the same arguments but used contour integral to calculate the inverse Laplace transform. In this study, we solve the BlackScholes equation to obtain the barrier option price.
The Black-Scholes equation is a non-homogeneous linear partial differential equation (PDE). Pricing plain options only needs to solve the initial value problem. However, pricing barrier options and some other exotic options necessitate solving initial-boundary value problems. Domain type numerical methods, such as finite difference method and finite element method, are used to solve these kinds of problems, as in [7] [8] [9] . Using a set of variable transformations, the Black-Scholes equation can be converted into a homogeneous linear PDE, i.e., a heat equation. Arguably, the boundary element method (BEM) may be the best numerical method for pricing double barrier options. BEMs are rarely applied to financial problems, although Shen and Wang used a BEM to evaluate the expected value of stock price [10] .
A stock option represents a contract where the holder is endowed with the right, but not the obligation, to buy or sell a fixed number of shares of a specified common stock at a specific price on or before a certain date. A call option endows the holder with the right to buy the shares, and a put option endows the holder with the right to sell the shears. The stock, the specific price and the certain date are called the underlying asset, the exercise price and the maturity date respectively. In this paper, the price of a barrier option is modeled as a solution of the boundary value problem, and a boundary element method is designed to solve the problem. The outline of the paper is arranged as follows. In Section 2, we introduce the mathematical model of the knock-out call option. The resulting problem is a boundary value problem of a heat equation. In Section 3, the integral representations of the solution of the boundary value problem are derived. An effective boundary element method is designed to solve the boundary value problem in the following section. In Section 5, we show the results of a simple example. The results show the formulation is correct. The last section is a short conclusions.
The PDE and the Boundary Conditions
A knock-out call has a barrier. When the stock price touches the barrier, the option becomes null and the option writer may pay the immediate rebate to the option holder. Hence, the value of the option is determined when the stock price touches the barrier. If the stock price does not touch the barrier before maturity, the holder may exercise his/her options with the exercise price at maturity.
We follow the arguments of Black and Scholes [1] . The call option price satisfies the Black-Scholes equation,
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where s is the underlying asset price, is the time to maturity, is the risk-free interest rate, and t r  is the volatility of the underlying asset price.
At maturity, the payoff of the option has to be the maximum of The PDE (1.6), the initial condition (1.7) and the boundary conditions (1.8) compose a well-posed boundary value problem. In the following sections, we derive the boundary integral equation and solve the equation numerically.
The Integral Representation
The solution of the boundary value problem can be formulated by an integral representation. We describe the integral representation briefly and then perform a limiting process to obtain the boundary integral equations in 
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Because the solution is continuous on the set
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Be noted that 
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where the principal value integral is defined as Substituting the boundary conditions (1.8) into Equation (1.18), we obtain Equation (1.20). 
t t G b t t b t t t u b t t G b t t b t t t

t t u b t t G b t t b t t t u b t t b t G b t t b t t t t u b t t G b t t b t t t u x G x b t t x
                                    0
R t R t G b t t b t t t R t b t G b t t b t t t t f t G b t t b t t t u x G x b t t x
Boundary Element Formulation
In this section, a boundary element method is designed to solve the moving boundary value problem. In order to evaluate   Finally, the method is applied to a barrier option. This formulation is correct. 
